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1. Introduction
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There is a high energy universe:
VHE Gamma Sources (E > 100 GeV)

Gamma rays have been identi ed u (Status Avgust 2009
I +90 .
to energieE < few 10° GeV

ﬂ(’m[‘,lL center
\LSSOSB SN

+180

PKS2%55-304

90 + 8-15 additional sources
Galactic Coordinates in galaCtiC plane.
B = Pulsar/Plerion O =SNR * = Starburst galaxy QO = 0B association
€ =AGN (BL Lac) A =Radio galaxy X =XRB @ = Undetermined

[M. Martinez '05]
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1. Introduction
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There IS a hlgh energy unlverse Energies and rates of the coamic-ray particles
Gamma rays have been identi ed up CAPRICE =
to energiesE < few 10° GeV 1o - protpe ooty e
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1. Introduction
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There is a high energy universe:

Gamma rays have been identi ed up
to energiesE < few 10° GeV

Cosmic rays have been observed up
to energiesE < few 10 GeV

It is under active observation:

Gamma ray observatories: e.qg.
H.E.S.S., MAGIC

Air shower detectors:e.g. Pierre
Auger Observatory

[www.auger.org]
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1. Introduction

| { 4

There is a high energy universe:

Gamma rays have been identi ed up
to energieE < few 10° GeV

Cosmic rays have been observed up
to energiesE < few 10' GeV

It IS under active observation:

Gamma ray observatories: e.g.
H.E.S.S., MAGIC

Air shower detectors:e.g. Pierre
Auger Observatory

Neutrino telescopese.g. IceCube

2400 m

Attack fundamental questions:

What is it made of? What are the
cosmic accelerators? Can we exploit licecube.wisc.edu]
them also for particle physics?
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Outline:

2. Ultrahigh energy cosmic rays and neutrinos
3. TeV scale physics with ultrahigh energy neutrinos
4. GUT scale physics with extremely energetic neutrinos

5. Conclusions
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2. Ultrahigh energy cosmic rays and neutrinos

CR spectrum: Large statistical and
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[Ahlerset al. "05]
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2. Ultrahigh energy cosmic rays and neutrinos

CR spectrum: Large statistical and
systematic uncertainties

( low ux
( energy from shower simulations

Crucial improvement byrAO:

(  huge size) better statistics

(  hybrid observations) Dbetter
energy calibration through Fly's
Eye technique, direction from
ground array

[www.auger.org]
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2. Ultrahigh energy cosmic rays and neutrinos

CR spectrum: Large statistical and

systematic uncertainties ; ? ;”,;{y,s IEye' coreo o acasa IHH?

( lOW UX n x HiRes-1 4 HiRes-II .

( energy from shower simulations NE 10° 3 % + E

= sy =

" " o1 5 L I il T 1

Crucial improvement byPAO: > e B ARt O 7

© 102 & L [ -

(  huge size) better statistics = §+ Ik -

( hybrid observations) better = - L 0% sy ermor ]

energy calibration through Fly's & ol vl Ui L
Eye technique, direction from 109 1010 10!

ground array E [GeV]

[Ahlerset al. "05]
It works
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2. Ultrahigh energy cosmic rays and neutrinos

CR spectrum: Large statistical and

systematic uncertainties f
( low ux P
( energy from shower simulations NE

o

Crucial improvement byPAO: %
(  huge size) better statistics =
(  hybrid observations) better =

energy calibration through Fly's =
Eye technique, direction from
ground array

It works
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2. Ultrahigh energy cosmic rays and neutrinos
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CR angular distribution: Isotrop
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2. Ultrahigh energy cosmic rays and neutrinos
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CR angular distribution: Isotrop
CR composition: Large uncertain% - :
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2. Ultrahigh energy cosmic rays and neutrinos
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CR angular distribution:  isotrop S e e ) L L
i Akeno+AGASA

.,.an,mmmﬁ§§}

CR composition: Large uncertainty =~ 13

( studies rely on simulations

aa,,mmmm@ﬁﬁﬁ . % |
W}

Cosmic rays above 10°° GeV, the
\second knee", dominantly protons

102

eV ecm~2 s-! sr

Assume that CR's in108:61 Gev
range originate from isotropically dis-tx5s 103
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2. Ultrahigh energy cosmic rays and neutrinos

CR angular distribution: Isotrop

CR composition: Large uncertainty =" 103
( studies rely on simulations

Cosmic rays above 10°° GeV, the
\second knee", dominantly protons

Assume that CR's in108:61 Gev >

range originate from isotropically diso 103
tributed extragalactic proton sources,
with simple power-law injection spec&
tra/ E, (1+ 2)"

102

cm~2 sl sr

Good t; inelastic interactions with
CMB (e'e \dip"; \bump") visi-
ble; somepost-GZK events ?

[Greisen;Zatsepin,Kuzmin "67]

13

Akeno+AGASA

y=2.54 n=3.45 ¢
il

10° 1010

E [GeV]

_ [Ahlerset al. "05
Seminar, Dortmund, June 2006

1011




{ Looking Beyond the Standard Model { 14

Possible sources of these protons:
GRB,AGN, ...

Core of Galaxy NGC 426l
Hubble Space Telescope

Wide Field / Planetary Camera

Ground-Based Optical/Radio Image HST Image of a Gas and Dust Disk

- =- 5 W
380 Arc Seconds 17 Arc Seconds
88,000 LIGHTYEARS 400 LIGHTYEARS
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Possible sources of these protons:
GRB,AGN, ...

Shock acceleration:

{ p's, conned by magnetic elds,
accelerate through repeated scat-
tering by plasma shock fronts

[Ahlers PhD in prep.]
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Possible sources of these protons:

GRB,AGN, ...

Shock acceleration:

{ p's, conned by magnetic elds,
accelerate through repeated scat-
tering by plasma shock fronts

A. Ringwald (DESY)

log(Magnetic field, gauss)
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Hillas-plot
(candidate sites for E=100 EeV and E=1 ZeV)
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E #<ZBL G (Ultra-relativistic shocks-GRB)

[Pierre Auger Observatory]
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Possible sources of these protons:
GRB,AGN, ...

Shock acceleration:

{ p's, conned by magnetic elds,
accelerate through repeated scat-
tering by plasma shock fronts
{ production of 's andn's through
collisions of the trapped's with
ambient plasma produces's, 's I\
and CR's (1 di usion from source) e

[Ahlers PhD in prep.]
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Possible sources of these protons:
GRB,AGN, ...

Shock acceleration:

{ p's, conned by magnetic elds,
accelerate through repeated scat-
tering by plasma shock fronts

{ production of 's andn's through
collisions of the trapped's with
ambient plasma produces's, 's
and CR's (1 di usion from source)

E? J(E) [GeV em™2 s-! sr-1]

Neutrinos as diagnostic tool:

{ 'sfrom sourcesy ! n+ 's)
close to be measured

{ Cosmogenic neutrino ux (from
P cve ! N 's)dominates above
10° GeV

A. Ringwald (DESY)
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3. TeV scale physics with ultrahigh energy neutrinos

C 's with E > 10° GeV probe N
scattering atp SNy - 14TeV (LHC)

A. Ringwald (DESY)
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3. TeV scale physics with ultrahigh energy neutrinos

C 's with E > 10° GeV probe N i y
scattering atp SN -~ 14TeV (LHC) I f;:?

Perturbative Standard Model $M) 10% & £
under control ( HERA) - }
[Gandhiet al. '98; Glack et al. '98; ...] E : :
a3 I

10!

108 10° 1010 1on 1012

[Tu "04] E, [GeV]
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3. TeV scale physics with ultrahigh energy neutrinos

C 's with E > 10° GeV probe N
scattering atp SN -~ 14TeV (LHC)

L0

Perturbative Standard Model §M) £
under control ( HERA) -
[Gandhiet al. '98; Glack et al. '98; ...] b:

Search for enhancements In p
beyond (perturbative) SM:

Electroweak sphaleron production
(B + L violating processes in SM)

A. Ringwald (DESY)
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v
[Fodor,Katz,AR,Tu "03; Han,Hooper 03]
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3. TeV scale physics with ultrahigh energy neutrinos

C 's with E > 10° GeV probe N

IIIIIIII I IIIIIIII LULLBLLLLL LLLALALILLL I IIIIIIII
scattering at” s> 14 TeV (LHC) 100 516 :
. M, = 1 TeV h
Perturbative Standard Model§M) _ 10° & ME".E“ _ 5 TeV E
under control ( HERA) = - :

1000
[Gandhiet al. '98; Glack et al. '98; ...]

r4
. )
Search for enhancements in,y, ® 100g -~ -7

beyond (perturbative) SM: obE T )
Electroweak sphaleron production "~ F /.-
(B + L violating processes in SM) il vl vl vl vl
Kaluza-Klein, black hole p-brane 10* 10 10 10  10%
or string ball production in TeV E, [GeV]
scale gravity models ARTU 0L Tu 04
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\Model-independent" upper bounds on N

Z
dd—III/ dE F (E ) N (E)

']

S

Non-observation of deeply-penetra- 109
ting particles, together with lower 10°

bound onF (e.g. cosmogenic's) wn 107
6
) upper bound on o 105
[Berezinsky,Smirnov "74; Morris,AR "94; Tyler,Olintag5i01;..] E .
104
=
ﬁ. 103
E: 102 _
1
o D 10 I| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII| 1 IIIIIII|
] 1016 1017 1018 1019 10320 1021
E, [eV)

[Anchordoqui,Fodor,Katz,AR,Tu "04]
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\Model-independent" upper bounds on N

dN z
— de F (E ) N (E)
dt F T T T N
Non-observation of deeply-penetra- 0.1 3 E
ting particles, together with lower __ i .
bound onF (e.g. cosmogenic's) ~§
) upper bound on y = 10_3:_ -
[Berezinsky,Smirnov "74; Morris,AR "94; Tyler,Olint@Bi01;..] 3b§ ; %
Recent quantitative analysis: 107 .
[Anchordoqui,Fodor,Katz, AR, Tu "04] E -------------------------------------------- E
Best current limits from exploi-  10-5¢ o 3
tation of RICE search results 1010 1011
. [Kravchenkoet al. [RI-CE].‘02,03] E [GeV]
Auger will improve these limits by Y
one Order Of magnitude [Anchordoqui,Fodor,Katz,AR,Tu "04]

A. Ringwald (DESY) Seminar, Dortmund, June 2006
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Strongly interacting neutrino scenarios

Bounds exploiting searches for dee-
ply-penetrating particles applicable
aslongas y < (055 1)mb

For even higher cross sections, e.g.
via sphaleron or brane production:

Strongly interacting neutrino sce-
nario for the post-GZK events

[Berezinsky,Zatsepin "69]

A. Ringwald (DESY) Seminar, Dortmund, June 2006
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Strongly interacting neutrino scenarios

Bounds exploiting searches for dee-
ply-penetrating particles apphcabl?
aslongas y < (05 1) mb

For even higher cross sections, e
via sphaleron or brane production:

e'V? cm't§:2S‘1 s

Strongly interacting neutrino sce
nario for the post-GZK events 2

[Berezinsky,Zatsepin "69]&

. . L :

Quantitative analysis: 1
[Fodor,Katz,AR,Tu "03; Ahlers,AR,Tu "05]

{ Very good tto CR data

A. Ringwald (DESY)
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Akeno+AGASA

109 1010 101

[Ahlers, AR, Tu05] B [GeV]
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Strongly interacting neutrino scenarios

Bounds exploiting searches for dee-
ply-penetrating particles applicable
aslongas y < (05 1) mb

For even higher cross sections, e.g.
via sphaleron or brane production:

) Strongly interacting neutrino sce-
nario for the post-GZK events
[Berezinsky,Zatsepin "69]

Quantitative analysis:
[Fodor,Katz,AR,Tu "03; Ahlers,AR,Tu "05]
{ Very good tto CR data
{ Need steeply rising cross section,
otherwise clash with nonobservati-

on of deeply-penetrating particles
A. Ringwald (DESY)

1

0.1

2 10-2
E 0
= 10-
10-4
10-5

.
.
.
.

.
.
-1 1 1 lllll

;|-_|_|_|,ui ||||u|J ||||ui ||||u|J L1

109 1010 1011
E [GeV]
[Ahlers,A.R.,Tu "05]
[AR "03;Han,Hooper "04] - - - sphalerons

[Anchordoqui,Feng,Goldberg 02f { p-branes
[Burgett,Domokos,Kovesi-Domokos "04]string

excitations
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Strongly interacting neutrino scenarios —

" 1 E
Bounds exploiting searches for dee- 01 :
ply-penetrating particles applicable a =
aslongas y < (05 1)mb E 1072 I
: : — 10-3 k -
For even higher cross sections, e.g. ° 10 E E
via sphaleron or brane production: 107% ¢ E
. . . 6 [ '
) Strongly InteraCtIng neUtrIno Sce- 10 L 11 llllll 1 L1 llllll "l...rl lllllll 1 1 llll_la
nario for the post-GZK events 10° 1010 101
[Berezinsky,Zatsepin "69] E [GeV]
Quantitative analysis: [Ahlers,A.R.,Tu *05]
[Fodor,Katz,AR,Tu "03; Ahlers,AR,Tu "05] [AR "03;Han,Hooper "04] - - - sphalerons
{ Very gOOd t to CR data [Anchordoqui,Feng,Goldberg "0 { p-branes
{ Need Steeply rising Cross SECtiOn, [Burgett,Domokos,Kovesi-Domokos "04]string
otherwise clash with nonobservati- excitations

on of deeply-penetrating particles
A. Ringwald (DESY) Seminar, Dortmund, June 2006
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Long-lived staus at IceCube

In most SUSY extensions of SM,
lightest superpartner (LSP) stable

{ neutralino dark matter
{ gravitino dark matter

Gravitino LSP interacts only gravi-
next-to-lightest SUSY
particle (NLSP) long-lived

tationally )

If NLSP charged, e.g.
can possibly be collected in collider
Observation of stau
decays) indirect discovery of the

experiments.

A. Ringwald (DESY)
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Long-lived staus at IceCube

R IR IR B IR B IR IR L I
Long-lived stau NLSPs resulting from 1o-s2 [ — CC+NC S
cosmic N interactions inside Earth F E
can be detected in ice or water T 3
Cherenkov neutrino telescopes __ 107 e 2
[Albuquerque,Burdman,Chacko "03; Ahlers,Kersten,AR;..(J6 Ng 10-95 ; ]
SUSY cross-section smaller than SM ~ 10 L

IIIII|_|_|,| IIIIII|,|_| IIIII|_|_|,| IIIII\I,I-jl‘

IIIIILI_II IIIIILI_II IIIIIILI] 11111 IIIIILI_II IIIIILI_II 11111
10 103 104 10° 108 107 108 10° 1010

E, [GeV]

[Ahlers,Kersten,AR "06]
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Long-lived staus at IceCube

Long-lived stau NLSPs resulting from

cosmic N interactions inside Earth =~ i i
can be detected in ice or water 5 !E  minm E
Cherenkov neutrino telescopes o - !
[Albuquerque,Burdman,Chacko "03; Ahlers,Kersten,AR;..(6 % ; §

. A B N
SUSY cross-section smaller than SM =z 10-2 SpS 7

o

Stau hag small energy loss In matter _» 108
) e ective detection volume for stau
much larger than for muon 104

| 10 102 103 10* 10°
E, [GeV]

Staus always produced in pairs
nearly parallel muon-like tracks in the
detector, in contrast to SM, where

single muons dominate [Ahlers,Kersten, AR "06]

lceCube: Up to 50~ pair events/yr

A. Ringwald (DESY) Seminar, Dortmund, June 2006
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4. GUT scale physics with extremely energetic neutrinos

Existing observatories foExtremely
High Energy Cosmic neutrinos pro-
vide upper bounds up to GUT scaTS 10?

Upcoming decade: Improved sensﬁi- 10

vity by many orders of magnitude w 1

) E 10 GeV: To0d
. . £ 0.01
I Astrophysics of cosmic rays > o
) E 10° GeV: S o
! Particle physics beyondLHC &= 4.,

) E 102 GeV: =T 10-8 |

I Cosmology: relics of GUT phase
transitions; absorption on big bang

relic neutrinos
A. Ringwald (DESY)

FORTE'04

GLUE'04
RICE'03 5

AMANDA 05 5 _‘,,..A.uger (1 yr)ow
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108 10°101°10111012101310141051 0181017
E, [GeV]

[AR,L.Schrempp "06]
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Top-down scenarios for super-GZK neutrinos

Existence of superheavy particles
with 10 GeV<my < 10 GeV,

produced during and after in ation 10t g My=01m,
through e.qg. F
: : . . : 102 —k/(a, H)=1 {va....
{ particle creation in time-varying g V\, o
gravitational eld L 107°F
a F
M10_4:F
10'5—
00— o 10

A. Ringwald (DESY)

[Kolb,Chung,Riotto "98]
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Top-down scenarios for super-GZK neutrinos

Existence of superheavy particles
with 102 GeV<my <10 GeyV,
produced during and after in ation
through e.g.

{ particle creation in time-varying
gravitational eld

{ decomposition of topological de-
fects from late phase transitions ,
Into their constituents ’

[Tkachev,Khlebnikov,Kofman,Linde 98]

A. Ringwald (DESY) Seminar, Dortmund, June 2006
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Top-down scenarios for super-GZK neutrinos

Existence of superheavy particles
with 102 GeV<my <10 GeV,
produced during and after in ation
through e.q.

{ particle creation in time-varying
gravitational eld

{ decomposition of topological de-
fects from late phase transitions
Into their constituents

[Ringeval,Sakellariadou,Bouchet "06]
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Top-down scenarios for super-GZK neutrinos

Existence of superheavy particles
with 102 GeV<my <10 GeV,
produced during and after in ation
through e.q.

{ particle creation in time-varying
gravitational eld

) super-GZK 's from decay or anni-
hilation of superheavy dark matter
(for x = u)

{ decomposition of topological de-
fects from late phase transitions
Into their constituents

A. Ringwald (DESY)

28 ¢

23 |

27|
26 |
25 |

24 |

18 19 20 T 21

[Berezinsky,Kachelriess,Vilenkin "97]
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Top-down scenarios for super-GZK neutrinos

Existence of superheavy particles
with 102 GeV<my <10 GeV,
produced during and after in ation
through e.q.

{ particle creation in time-varying
gravitational eld

) super-GZK 's from decay or anni-
hilation of superheavy dark matter
(for x = u)

{ decomposition of topological de-
fects from late phase transitions
Into their constituents

) super-GZK 's from constituent
decay [Bhattacharjee, Hill, Schramm *92]

A. Ringwald (DESY) Seminar, Dortmund, June 2006
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Top-down scenarios for super-GZK neutrinos

Injection spectra:

functionsDi(x; ), i = p;e; ;

termined via

fragmentation
, de-

{ Monte Carlo generators

{ DGLAP evolution from experi-
mental initial distributions at e.g.

A. Ringwald (DESY)
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Top-down scenarios for super-GZK neutrinos

Injection spectra: fragmentation
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Top-down scenarios for super-GZK neutrinos

Injection spectra: fragmentation
functionsD;(x; ), 1 = p;e; ; ,de-
termined via
{ Monte Carlo generators
{ DGLAP evolution from experi-
mental initial distributions at e.g.
=mz 0 = Mmy

) Reliably predicted!
Spectra at Earth:
{ for superheavy dark matter, injec-

tion nearby: | ] Jp
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Top-down scenarios for super-GZK neutrinos

Injection spectra: fragmentation
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Top-down scenarios for super-GZK neutrinos

How generic?
{ Superheavy dark matter. need
symmetry to prevent fask decay
gauge) X stable
discrete) stable or quasi-stable
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Top-down scenarios for super-GZK neutrinos

How generic?
{ Superheavy dark matter. need
symmetry to prevent fasK decay
gauge) X stable
discrete) stable or quasi-stable
{ Topological defects: genericpre-
diction of symmetry breaking (SB)
In GUT's, and even fundamental
string theory, e.g.
G! H U(1l) SB: monopoles
U(1) SB: ordinary or supercon- y
ducting strings

[Rajantie 03]
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Top-down scenarios for super-GZK neutrinos

How generic?
{ Superheavy dark matter. need
symmetry to prevent fasX decay
gauge) X stable
discrete) stable or quasi-stable
{ Topological defects: genericpre-
diction of symmetry breaking (SB)
In GUT's, and even fundamental
string theory, e.g.
G! H U(1l) SB: monopoles
U(1) SB: ordinary or supercon-
ducting strings
G!' H Ul!'! H Z, SB:
monopoles connected by strings

A. Ringwald (DESY)
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Top-down scenarios for super-GZK neutrinos
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Top-down scenarios for super-GZK neutrinos

Strong impact of measurement for

{ particle physics

{ cosmology

A. Ringwald (DESY)
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Top-down scenarios for super-GZK neutrinos

Strong impact of measurement for

{ particle physics
GUT parameters, e.gmy

{ cosmology

A. Ringwald (DESY)
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Top-down scenarios for super-GZK neutrinos

Strong impact of measurement for

{ particle physics

GUT parameters, e.gmy
particle content of the desert,
e.g. SMvs. MSSM

{ cosmology

[Barbot,Drees "02]
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Top-down scenarios for super-GZK neutrinos

Strong impact of measurement for

{ particle physics L02

GUT parameters, e.gmy

particle content of the desert, —
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N scatteringat s LHC a3

IIIIII‘\I

{ cosmology 10!

108 10° 1010 1on 1012

E, [GeV]
[Tu "04]

A. Ringwald (DESY) Seminar, Dortmund, June 2006



{ Looking Beyond the Standard Model { 50

Top-down scenarios for super-GZK neutrinos

Strong impact of measurement for

{ particle physics

GUT parameters, e.gmy
particle content of the desert,
e.g. SMvs. MSSM

N scatteringat s LHC

{ cosmology

window on early phase transition
Hubble expansion ratél (z)
existence of the big bang relic
neutrino background (CB)
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Top-down scenarios for super-GZK neutrinos

Strong impact of measurement for

{ particle physics

GUT parameters, e.gmy
particle content of the desert,
e.g. SM vs. MS%M

N scatteringat s LHC

{ cosmology

window on early phase transitionr

Q

Hubble expansion ratél (z)
existence of the big bang relic
neutrino background (CB)
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Top-down scenarios for super-GZK neutrinos

Strong impact of measurement for

{ particle physics

GUT parameters, e.gmy
particle content of the desert,
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N scatteringat s LHC
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Top-down scenarios for super-GZK neutrinos
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5. Conclusions

Exciting times for ultrahigh energy
cosmic rays and neutrinos:
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) appreciable event samples
Expect strong impact on

{ astrophysics
{ particle physics
{ cosmology
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